Using numerical models, we investigate the possibilities of observable effects in the frequency distribution of the normal modes of the pulsating DB-type white dwarfs caused by different evolutionary paths. We find the average period spacing of consecutive radial overtones to be much shorter and the periods of the low k modes to be much longer for DB models resulting from the binary evolution than for those arising from evolution of a single star. Then we compare our models to the GD 358 data and conclude that this star either went through extremely long accretion phase, if it has developed from a binary system, or it is the result of evolution of a single star.
THE GOAL OF THIS PROJECT
White dwarfs (WDs) come in two main flavors, containing either the hydrogen atmosphere (DAs) or the helium atmosphere (DBs and DOs). The bifurcation of the WDs is still not well understood. We believe there are at least two different evolutionary paths leading to DBs: binary evolution and single star evolution. Nather, Robinson & Stover (1981) pointed out that interacting binary white dwarfs (IBWDs) should produce DBs at the end of their evolution. One of the best studied IBWDs, AM CVn, has an effective temperature (T e ff) of 25000 K. This is the temperature at which we find the pulsating DBs (DBVs). If AM CVn ends mass transfer phase at its current temperature, there will be a single DB left, quite possibly a DBV. On the other hand, the fact that both DAs and non-DAs have a mean mass of about 0.6M© (Koester et al. 1979 Beauchamp et al. 1996) seems to suggest that all WDs have similar origin, and therefore binary evolution does not make a significant contribution to the DB population, since it should produce DBs with higher mass than single star evolution.
To help identify DBs coming from different evolutionary paths, we started searching for observable differences in the normal modes arising from the differences in the thermal structure of DBs descendent from the IBWDs and those from single star evolution. If there are observable differences, there is a good chance that we can detect them through asteroseismology.
THE NUMERICAL MODELS OF DB WHITE DWARFS
A single WD will simply cool with time, heat flowing from the core to the surface. But accretion changes the thermal structure of the envelope, so evolution of WDs in interacting binary systems will not be a simple cooling process. Even after the accretion process has stopped, and the surviving WD is left alone to cool, it will retain a memory of the thermal structure built during the accretion process for a time determined by the nature and the duration of the accretion process. The following are the two types of models used in this project: models describing DBs from single star evolution (the thermally homogeneous models) and binary evolution (the hybrid models).
Homogeneous models
We used two thermally homogeneous models with different effective temperatures to represent the DBs from single star evolution in this project. Both models were produced by the latest version of the evolution code provided by Wood (Wood 1994 and references therein), and have total masses of 0.6MQ, the mean mass of DBs, as already mentioned. The theoretical constraints on He layer mass is 10 -8 MQ to 10 -2 MQ, the lower limit coming from the minimum amount required for the partial ionization of He to provide the driving of the nonradial g-modes in DBVs, and the upper limit coming from maximum mass of He before nuclear burning occurs at the bottom of the He layer (Bradley Winget 1994 and references therein). The He layer mass of our models falls within these constraints. We chose the effective temperature of the hot model based on the effective temperature of the best studied DBV, GD 358 Bradley & Winget 1994) and AM CVn (Koester, Weidemann & Vauclair 1983; Oke, Weidemann & Koester 1984; Koester et al. 1985; Liebert et al. 1986; Thejil, Vennes & Shipman 1991; Provencal 1995) . In the IB WD system, once two WDs are formed, they orbit around each other for a long time, slowly cooling off before the last mass transfer takes place. The time scale of this is equal to the timescale for the gravitational radiation to carry away the momentum of the system, so that the two WDs are close enough and the mass donor (the less massive one) fills its Roche Lobe. This takes about 10 8 to 10 9 years (Faulkner, Flannery & Warner 1972; Nather, Robinson & Stover 1981; Wood et al. 1987; Provencal 1994) . A DB with a total mass of 0.6M© and He layer mass Mn e = IO -4 M© that has been cooled for that long would have a core temperature of about IO 7 K, according to model calculation (Wood 1990 ). This core temperature corresponds roughly to T e ff ~ 12 000 K. Therefore our cool model represents a model before the final mass transfer in the IBWD takes place. Here is the summary of the homogeneous models. M*, Teff = 12 000 K.
Hybrid models
We created four hybrid models from the two thermally homogeneous models described in the previous section. In order to simulate the temperature inversion expected from the heating by the accretion process, we patched the atmosphere of the hot model on the core of the cool model. We smoothed over the transition zone between the two models by taking average of the physical parameters there. We call three of the hybrid models, "dm6", "dm4", "dm2" after the amount of the mass that was replaced from the cool model. For instance, dm6 means that the outer part of atmosphere dM = 10 -6 M* of the cool model was replaced with that of the hot model. We made a fourth model by replacing the outer part of the cool model from the degeneracy boundary. This corresponds to replacing the outer dm = 10 -5 ' 35 M* of the cool model with the envelope of the hot model. We call this model "deg". In the binary system, the heat from the accretion disk flows from the surface inward and would eventually hit the degeneracy boundary. Inside the model where it is degenerate, the heat conduction is very efficient. Therefore dm4 and dm2 are not realistic models, but we use them to help identify the trends in the normal modes caused by the thermal inversion expected from accretion. Figure 1 shows the temperature profile of the models. The amount of mass replaced to create the hybrid models is related to the duration of the accretion phase (r acc ). The longer the model is heated by accretion, the greater is the mass fraction of the star heated up from its original equilibrium state. The relation between the accretion time r acc and the amount of mass heated up (dM) can be given by the following simple expression:
The left hand side of the above equation tells how much energy has flown into the star from the accretion disk by heating it with luminosity £acc for time racc and the right hand side of the equation tells how much energy was stored in mass dM, whose heat capacity per unit mass is Cv, by raising its temperature 6T. Our hybrid models represent a situation where the 12000 K cool model is heated up by luminosity corresponding to the 25 000 K accretion disk until the outer dM of the star reaches the same thermal structure as the hot model. In Table 1 we list the estimated accretion time for each model. Note. 10M^ is the amount of mass replaced to create the hybrid model, Teff is the effective temperature, racc is the estimated accretion time it takes to heat the cool model to have the thermal properties of the hybrid model and A.Pis the average period spacing of the consecutive radial overtone modes for i = 1 nonradial gf-mode.
If the accretion phase lasts long enough, the accretion disk will heat the cool model completely, so it will have the same thermal structure as the hot model. We estimated the timescale of this as we did for the above accretion timescales of the hybrid models and found the timescale is roughly the same as the thermal timescale (the time it takes a photon to travel from the surface to the center of the star) for the hot model, rt/j(hot). Remember that the theoretical estimate of the duration of accretion phase is about 10 6 -10 9 years (Faulkner, Flannery & Warner 1972; Nather, Robinson & Stover 1981; years or longer, a DB resulting from binary evolution would not be thoroughly heated enough to have the same thermal structure of the 25000 K DB from single stax evolution. Thus, it should be possible to distinguish between the DBs from a binary evolution and the DBs from a single star evolution.
THE RESULTS: PERIOD STRUCTURE AND COMPARISON WITH GD 358 OBSERVATIONS
The first thing we checked with the hybrid models is if they have nonradial gr-modes in the range of 100 to 1000 s as we observe in the DBVs. If they don't, then any nonvariable we find inside the DB instability strip is possibly a DB from the binaxy evolution. We found that all the hybrid models do have nonradial (/-modes with timescales in which the DBVs pulsate. To obtain the periods of the g-modes for our models, we used an adiabatic nonradial pulsation code which uses the Runge-Kutta scheme to solve the adiabatic nonradial oscillation equation (Kawaler, Hansen & Winget 1985) . Figure 2 shows the periods versus the accretion timescale for the I = 1 and k = 1-18 nonradial g-modes for all models. Note that all hybrid models and the hot model are spectroscopically identical (see Table 1 ), but the normal modes which carry the information of the interior tell us how different their structures axe. The two striking features of the hybrid models compaxed to the hot model are the larger period spacing of the consecutive radial overtone modes and the long period of the low k modes. Therefore, the best indicators of the origin of DBs are the period of the low k modes and the average period spacing. Figure 3 shows the period spacing diagram for all models; the observed period of GD 358 ) is also indicated by the hollow dots. Bradley & Winget (1994) compared the GD 358 data with the thermally homogeneous models and concluded that GD 358 has a total mass of 0.61 M®, helium layer of 10 -5,7 M* and T e ff = 24 000 K. From Fig. 3 , we can clearly see that the hot model fits the data much better than the hybrid models. Therefore, we conclude that GD 358 either went through extremely long accretion phase which would be pushing the theoretical limit, or came from the evolution of a single star. We will have to compare other DBVs to see if they have any characteristic suggesting binary origin. If all DBVs show no evidence of being descendents from the binary evolution, we then face the question of where the DBs are produced by IBWDs.
Comparison with GD 358

